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SUMMARY 
The NASA, i n  cooperation w i t h  the  FAA, made measurements of noise-induced 
bu i l d ing  v ib ra t i ons  i r ,  t he  v i c i n i t y  o f  John F. Kennedy In te rna t i ona l  A i r p o r t  
on January 18-19 and on February 3-5, 1978, as p a r t  o f  the Concorde monitor ing 
program. 
a t  Dul les In te rna t iona l  A i r p o r t  dur ing  the  e a r l y  months of Concorde operations 
by obtaining a i r c r a f t  noise and b u i l d i n g  v i b r a t i o n  data on t y p i c a l  r e s i d e n t i a l  
s t ruc tu res  i n  the New York area. The outdoor/ indoor noise l e v e l s  and associated 
The purpose o f  these s tud ies  was t o  expand the data base developed 
v i b r a t i o n  l e v e l s  r e s u l t i n g  from a i r c r a f t  and n o n a i r c r a f t  events were recorded 
a t  e i g h t  homesites and a school. 
conducted t o  examine the human detection/annoyance thresholds f o r  b u i l d i n g  
v i b r a t i o n  and r a t t l e  caused by a i r c r a f t  noise. A desc r ip t i on  o f  the t e s t  p lan  
and procedures along w i t h  sample data were presented i n  reference 1. Window 
and wa l l  response data recorded f o r  Concorde and subsonic a i r c r a f t  f l i g h t s  
d i r e c t l y  overhead were reported i n  reference 2. This r e p o r t  presents f l o o r  
resporce data f o r  these same d i r e c t  o v e r f l i g h t s ,  b u i l d i n g  response data fo r  
side1 i n e  f l  i gh ts  and b u i l d i n g  response t o  n o n a i r c r a f t  events. A1 so presented 
are  sub jec t ive  response data from the l i m i t e d  t e s t s  i n v o l v i n g  v i b r a t i o n  
de tec t ion  thresholds. 
I n  add i t ion ,  l i m i t e d  sub jec t i ve  t e s t s  were 
- 
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INTRODUCTION 
Measurements o f  a i r c r a f t  noise-induced b u i l d i n g  v i b r a t i o n s  are being 
conducted by the  NASA as p a r t  of  the  DOT/FAA (noni tor ing program t o  assess the  
environmental impact o f  Concorde operat ions a t  JFK ( r e f s .  1, 2, and 3 ) .  
purpose o f  t h i s  element of the moni tor ing program i s  t o  make a comparative 
assessment o f  the b u i l d i n g  response r e s u l t i n g  from Concorde, subsonic a i r c r a f t ,  
and n o n a i r c r a f t  events. 
The 
The approach being fol lowed i n  t h e  assessment o f  Concorde noise-induced 
b u i l d i n g  v i b r a t i o n s  invo lves t h e  f o l l o w i n g  steps: 
v i b r a t o r y  response o f  selected bu i ld ings ;  ( 2 )  the development o f  func t iona l  
r e l a t i o n s h i p s  ( "s ignatures")  between the  v i b r a t i o n  response o f  b u i l d i n g  
elements and the  outdoor and/or indoor noise l e v e l s  associated w i t h  events of 
in te res t ;  and (3 )  the comparison of Concorde-induced response w i t h  the response 
associated w i t h  other  a i r c r a f t  as w e l l  as common domestic events and/or c r i t e r i a .  
Trl.s approach was fol lowed by NASA i n  making measurements i n  the  v i c i n i t y  of 
Dul l e s  I n t e r n a t i o n a l  A i r p o r t  dur ing the  e a r l y  months o f  Concorde operations. 
Noise and v i b r a t i o n  measurements were made a t  S u l l y  P lantat ion,  an h i s t o r i c  
s i t e  located near Dul les,  and a t  three homes i n  Montgomery County, Maryland, 
where res idents  had complained of b u i l d i n g  v i b r a t i o n .  The r e s u l t s  of these 
studies were published i n  references 4 through 7. The JFK studies are  d i r e c t e d  
a t  expanding the data base developed a t  Dul les by obta in ing a i r c r a f t  no'se aod 
v i b r a t i o n  data on t y p i c a l  r e s i d e n t i a l  s t ruc tu res  f o r  both t a k e o f f  and approach 
operations and, secondly, t o  explore i n  some d e t a i l  human response t o  b u i l d i n g  
v i b r a t i o n  and r a t t l e .  This l a t t e r  issue requ i res  t h a t  the physical  measurements 
be augmented by subject ive tes ts  t o  determine the  l e v e l  o f  noise and/or v i b r a t i o n  
requi red t o  produce percept ib le  v i b r a t i o n  and r a t t l e  and t o  determine, if possible,  
(1)  the  measurement of the 
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the degree of annoyance associated w i t h  perceptible building response. The 
subjective tests are exploratory in nature since neither the way in which a 
person perceives vibration (for example, tacti le,  wholebody, visual) nor the 
dominant building stimulus elements (for example, floor, window, wall) have 
been studied in any detail for human response t o  building vibrations. 
A description of the test plan and test procedures for acquiring bo th  
physical and subjective d a t a ,  along with sample da ta  recorded on a window a t  
one test s i te ,  were presented i n  reference 1 t o  illdstrate the da ta  reduction/ 
analysis procedures and t o  indicate preliminary findings i n  the JFK area. 
Window and wall response d a t a  recorded f o r  Concorde and subsonic aircraft 
flights directly overhedd were reported i n  reference 2.  This report presents 
floor response d a t a  for these same direct overflights, b u i l d i n g  response d a t a  
for sideline flights, and b u i l d i n g  response t o  nonaircraft events. 
presented are subjective response d a t a  fram the limited tests i n v o l v i n g  
vibration detection thresholds. 
A l s o  
TEST SITES 
The test sites for the January and February studies were located in the 
cmunit ies  of Cedarhurst, Inwood, Rosedale, and Belle Harbor which are shown 
on the map, figure 1 .  
main runways a t  JFK are shown i n  figure 2.  Test sites 1 ,  3, and 6 were 
monitored on January 18, 1978, during landing operations on runway 31R, whereas 
test sites 9 ,  10, and 11 were monitored on January 19, 1978, for Concorde 
landings on runway 31R and subsonic departure operations on runway 04R. 
Additional measurements were obtained a t  test si te 11 on February 3, 1978, and 
a t  test sites 2 and 11 on February 4 ,  1978, during landing operations on 31R. 
The approximate locations o f  the houses relative t o  the 
3 
Test s i t e s  4 and 5 were monitored on February 5, 1978, f o r  Concorde landing and 
takeof f  operat ions on runways 31R anc 31L and f o r  subsonic operations. I n  
addi t ion,  several n o n a i r c r a f t  events were recorded a t  each house i n c l u d i n g  
walking, jogging i n  place, dropping a book, c l o s i n g  doors and windows, e tc .  
The houses were selected from homeowners who had volunteered t o  p a r t i c i p a t e  
i n  t h i s  phase o f  the assessment program. 
const ruct ion t y p i c a l  of t h e  neighborhoods surrounding the a i r p o r t .  
ie lect ic\Q i n  a p a r t i c u l a r  house was based on in format ion provided by the home- 
owner concerning maximum noise and/or v i  b r a t i o n  exposure t o  a i r c r a f t  f l yovers .  
Accelerometers t y p i c a l l y  were located on a window, a wal l ,  and on the f l o o r ,  and 
microphones were located both i n  the  t e s t  room and outs ide the house. Plan-view 
sketches o f  the houses and inst rumentat ion loca t ions  are given i n  reference 2. 
The houses represent a range o f  
The room 
DATA A C Q U I S I T I O N  AND PROCEDURES 
Instrumentat ion 
Measurements o f  both i n t e r i o r  and e x t e r i o r  sound pressure l e v e l s  were 
recorded wi th special  low-frequency response microphones used fo r  the i n t e r i o r  
measurements. V ib ra t ion  data were obtained from p i e z o e l e c t r i c  c r y s t a l  acceler -  
ometers mounted on the  window and from more sens t i v e ,  bu t  heavier, servo- 
accelerometers mounted on the w a l l  and the f l o o r  (The mass o f  the servo- 
accelerometers precluded t h e i r  use on the windows .) The f l o o r  measurements 
consisted of the v e r t i c a l  and hor izon ta l  acce le ra t ion  imparted t o  a 50 kg 
(110 l b )  cement block which was p1,ced i n  the center  o f  the room t o  s imulate 
the loading of a person. A l l  data were recorded on analog FM tape fo r  
subsequent analys is .  
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Frequency Response and Ca l i b ra t i on  
Extensive p re tes t  documentation of a l l  i tems o f  the a c q u i s i t i o n  systems 
was performed t o  inc lude frequency response, dev ia t i on  l i n e a r i t i e s ,  ga in  
accuracies, and dynamic range. Da i l y  c a l i b r a t i o n s  i n  the f i e l d  consis ted o f  
pink no ise ( e x h i b i t i n g  f l a t  1/3-octave band spectrum l e v e l )  i n s e r t i o n  i n  a l l  
microphone channels, a f i xed  s ine  wave reference vo l tage i n s e r t i o n  i n t o  the 
accelerometer channels as we l l  as a 1 g s t a t i c  c a l i b r a t i o n  o f  the servo- 
accelerometers, and a 250 Hz piston-phone acoust ic c a l i b r a t i o n  o f  the iiiicrophone 
systems dur ing  p re tes t  and pos t tes t  per iods.  Frequency response of  the acoust ic  
channels was nominal ly +_ 1 d6 c . e r  the range 5 Hz t o  10 kHz fo r  the e x t e r i o r  
measurement systems and 1.5 Hz t o  10 kHz f o r  the lower frequency i n t e r i o r  
measurement sys tenis. The accelerometer channel frequency response ex tended 
from dc t o  approxi,nately 1 kHz f o r  the servoacceleronieters and from 3 Hz t o  
in excess o f  3 kHz for  the p iezoe lec t r i c  type. Amplitude response f o r  both 
systems was nominal ly ? 1/2 dB over the app l icab le  frequency range. 
Test Procedures 
A i r c r a f t  spot ters  were located near each t e s t  house t o  i d e n t i f y  a i r c r a f t  
as we l l  as t o  con t ro l  and coordinate data acqu is i t i on .  
a t  each t e s t  house t o  provide a common t ime base f o r  use i n  subsequent analys is  
o f  the  data. 
Tiiiie code was recorded 
Subject ive tes ts  were conducted u t i l i z i n g  nieiiibers o f  the NASA Concorde 
monitor ing team and res idents  of  a p a r t i c u l a r  t e s t  s i t e .  The inembers o f  the 
moni tor ing team par t i c i pa ted  a t  each house whereas the res ident  subjects 
pa r t i c i pa ted  on ly  a t  t h e i r  own home. The sub jec t ive  t e s t  sessiotis were 
approximately 1 hour i n  length and were scheduled t o  inc lude one o r  inore Concorde 
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operations a t  each house al though t h i s  was n o t  always poss ib le  due t o  v a r i a t i o n s  
i n  Corlcorde schedules. The subject  i n s t r u c t i o n s ,  r a t i n g  forms, and t e s t  
procedures are  described i n  reference 1. 
Analysis Procedure 
Two channels o f  noise data ( i n s i d e  and outs ide)  and f o u r  channels o f  
v i b r a t i o n  data (window, wa l l ,  v e r t i c a l  f l o o r ,  and hor izon ta l  f l o o r )  were 
recorded on FM magnetic tape and l a t e r  pla.ved back i n t o  it mult ichannel ,  t r u e  
rms l ogar i thmic  d i g i t a l  vol tmeter.  
the analog-to-digi  t a l  conversion and averaging tasks necessary t o  convert  these 
signals t o  o v e r a l l  l e v e l s  s u i t a b l e  f o r  d i g i t a l  processing. Overa l l  (unweishted) 
noise and v i b r a t i o n  l e v e l s  were obtained i n  t h i s  way f o r  each f lyover .  The 
voltmeter was in te r faced t o  a d i g i t a l  computer which, w i t h  i t s  associated 
per ipherals,  corrected the raw data for  changes i n  qain se t t ings  and c a l i b r a t i o n  
leve ls  and provided a p r i n t e d  t ime h i s t o r y  f o r  each f lyover,  l i s t i n g  the o v e r a l l  
leve ls  o f  noise and v i b r a t i o n  f o r  each o f  t h e  s i x  data channel; a t  l/Z-second 
in te rva ls .  These data were then recorded on d i g i t a l  magnetic tape fo r  
slrbsequent analys is .  
The vol tmeter sampled the  data and performed 
RESULTS 
comp 
they 
t o  rn 
Scope 
Residents o f  over one hundred and f i f t y  houses i n  the JFK area who had 
ained o f  a i r c r a f t  noise and r e s u l t i n g  b u i l d i n g  v i b r a t i o n s  were asked if 
would permit  v i b r a t i o n  measurements t o  be made i n  t h e i r  homes. 
ice noise and v i b r a t i o n  measurements was granted by 15 o f  these res idents ,  
Perniission 
and data were acquired a t  n ine  o f  these s i t e s .  (Severe snowstorm a c t i v i t y  
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which forced the c los ing  of JFK a i rpo r t ,p roh ib i t ed  the a c q u i s i t i o n  o f  d3ta a t  
6 o f  the 15 ava i l ab le  t e s t  s i tes . )  Noise-induced v i b r a t i o n  measurements were 
made on such s t r u c t u r a l  elements as wal ls ,  windows, and f loors  of the n ine  t e s t  
s i tes ,  which consisted o f  e i g h t  r e s i d e n t i a l  s t ruc tu res  and a h igh  school. 
During the 4 days o f  t es t i ng ,  f i v e  o f  the n ine t e s t  s i t e s  experienced o v e r f l i g h t s ,  
w i t h  the remaining four s i t e s  experiencing noise from ground operat ions and 
f a i r l y  d i s t a n t  f l i g h t  t r a j e c t o r i e s .  Window and wa l l  response data recorded f o r  
Concorde and subsonic a i r c r a f t  f l i g h t s  d i r e c t l y  overhead were repor ted i n  
reference 2. Thfs r e p o r t  presents f l o o r  response data f o r  the same d i r e c t  
a v e r f l  i gh ts  and b u i l d i n g  response data fo r  both s ide l  i n e  fl igh ts  and nona i rc ra f t  
events. Also presented are sub jec t ive  response data from the l i m i t e d  t e s t s  
i nvo 1 v i  ng v i  bra t i o n  de tec t ion  thresholds.  
DISCUSSION OF RESULTS 
Physical Test Results 
Representative s i d e l  ine  "response signatures" are presented i n  the Appendix 
f o r  windows and wa l ls .  These signatures i l l u s t r a t e  how window and wa l l  
accelerat ion l e v e l s  vary w i t h  outdoor noise l eve l  f o r  s i d e l i n e  f l ybys .  
re la t i onsh ip  between s ide l  i ne  o v e r a l l  outs ide sound pressure l e v e l  and window 
and wal l  accelerat ion l e v e l  i s  e s s e n t i d l l y  the same for  Concorde as f o r  CTOL. 
Compared w i t h  the overhead signatures i n  references 1 and 2, the s i d e l i n e  
signatures appear t o  have the same slope bu t  an ord inate in te rcept  which i s  
genera l ly  greater .  
leve l  r e s u l t s  f o r  a given change i n  a i r c r a f t  noise l e v e l  whether the  noise i s  
generated by an overhead f l yove r  o r  a s i d e l i n e  f lyover .  The d i f f e rence  i n  
ord inate i n te rcep t  suggests t h a t  f o r  a given unweighted noise l e v e l ,  s i d e l i n e  
The 
The s i m i l a r  slopes suggest t h a t  the same change i n  v i b r a t i o n  
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noise may produce somewhat higher v i b r a t i o n  l e v e l s  than overhead noise. The 
apparent enhanced e f f i c i e n c y  o f  s i d e l  i n e  noise i n  inducing b u i l d i n g  v ib ra t i ons  
may be due t o  propagation path length  e f fec ts ;  s ince the path lengths were 
much longer f o r  the s i d e l i n e  f l ybys  than fo r  overhead f l yove rs  repor ted here, 
atmospheric absorpt ion losses, which at tenuate the higher audiof requmcies,  
would cause the s ide l  i n e  noise t o  conta in  p ropor t i ona l l y  more low-frequency 
energy than overhead m i s e .  This d i f fe rence i n  response may a lso  be due t o  the 
f a c t  t h a t  no ise from s i d e l i n e  f lybys impacted the t e s t  s t ruc tu res  a t  a more 
near ly  perpendicular angle o f  incidence than the noise from overhead f l yovers .  
Window and w a l l  v i b r a t i o n  measurements have been emphasized i n  the Concorde 
moni toring/assessment e f fo r t s  conducted t o  date because o r i g i n a l  concerns 
centered on the p o s s i b i l i t y  o f  s t r u c t u r a l  damage induced by a i r c r a f t  noise, and 
i t  was f e l t  t h a t  wa l ls  and windows might be r e l a t i v e l y  vulnerable t o  such 
damage. 
assumed t o  p lay  a cen t ra l  r o l e  i n  causing r a t t l e .  
i nd i ca te  t h a t  f o r  normal operat ions o f  both Concorde and conventional a i r c r a f t ,  
the v i b r a t i o n  l eve l s  induced i n  windows and w a l l s  a r e  f a r  below establ ished 
damage c r i t e r i a ,  and ra tc le ,  wh i le  occas ional ly  observed dur ing the t e s t  prograin 
dur ing both SST and CTOL operations, was found t o  occur much less  f requent ly  
than o r i g i n a l l y  supposed. 
f lyovers reported sensing v ib ra t i ons  p r i m a r i l y  through the f l o o r .  
reasons, add i t iona l  emphasis has been given t o  the analys is  o f  f l o o r  vibra t ions  
i n  t h i s  study, 
Window and w a l l  v i b ra t i ons  were a l s o  o f  i n t e r e s t  i n  t h a t  they were 
Results obtained so f a r  
Subjects who had experienced v i b r a t i o n  dur ing a i r c r a f t  
For  these 
Average peak l eve ls  o f  f l o o r  acce le ra t ion  are given i n  Tables I through 111 
f o r  three t e s t  s i t e s  having wooden f l o o r s  over a crawl space. A t  other  t e s t  
s i t es ,  e i t h e r  the l eve l s  were no t  s u f f i c i e n t  t o  e x c i t e  a measurable f l o o r  
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response or the  f l o o r s  were concrete s labs which d i d  not d i sp lay  any response 
when subjected t o  s i g n i f i c a n t  no ise l eve l s .  
The response data fo r  s i t e  11, presented i n  Table I I f ,  are p a r t i c u l a r l y  
in te res t ing .  The l e v e l s  presented i n  t h i s  tab le  are bel ieved t o  be near the  
upper l i m i t  o f  noise-induced v i b r a t i o n  l e v e l s  which would normal ly be induced 
i n  r e s i d e n t i a l  s t r u c t w e s  w i t h i n  an a i r p o r t  community, s ince t h i s  s i t e  was 
close enough t o  the a c t i v e  JFK runways t h a t  approaching a i r c r a f t  passed less  
than 100 m above the house. Another i n t e r e s t i n g  p o i n t  about the data i n  
Table 111 i s  t h a t  the average hor izon ta l  component o f  the  f l o o r  v i b r a t i o n  
exceeded the average v e r t i c a l  component f o r  e s s e n t i a l l y  a1 1 a i r c r a f t ,  the on ly  
exception being the Concorde, which exc i ted  the same response l e v e l s  i n  both 
the hor izon ta l  and the v e r t i c a l  d i rec t i ons .  The f l o o r  data o f  s i t e  4 (Table 11) 
reveal the same e f f e c t  except t h a t  the amount by which the hor izon ta l  exceeds 
the v e r t i c a l  i s  somewhat less  ( 2  t o  4 dB vs. about 7 dB f o r  s i t e  11). 
s i t e  3 f l o o r  data (Table I )  do n o t  d isp lay  a l a rge  hor izon ta l  component o f  f l o o r  
accelerat ion r e l a t i v e  t o  the v e r t i c a l  component. R e l a t i v e l y  h igh l eve l s  of 
hor izonta l  f l o o r  v i b r a t i o n  were unexpected, and the mechanism i s  n o t  c l e a r l y  
understood. 
The 
The average peak values o f  f l o o r  acce le ra t ion  are  p l o t t e d  i n  f i gu res  3 
and 4 as a func t ion  o f  average peak noise l e v e l  f o r  each o f  several a i r c r a f t  
types. As was the case f o r  the window and w a l l  data presented i n  references 1 
and 2, the f l o o r  data o f  f i gu res  3 and 4 suggest t h a t  Concorde i s  no inore 
e f f i c i e n t  i n  e x c i t i n g  s t r u c t u r a l  response than subscnic a i r c r a f t .  Greater 
l eve l s  o f  f l o o r  v i b r a t i o n  which may be associated w i t h  Concorde operat ions are 
a t t r i b u t e d  more t o  higher unweighted noise l e v e l s  than t o  unique Concorde 
source character1 s t i  cs . 
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Subject ive Tests Resul ts 
The sub jec t ive  response tes ts  o f  v i b r a t i o n  and r a t t l e  Included both 
Concorde and a v a r i e t y  o f  subsonic a i r c r a f t  operat ions.  The t e s t s  were de? ' y e d  
t o  ob ta in  v i b r a t i o n  and r a t t l e  thresholds, where threshold i s  def ined as a 
p o s i t i v e  (de tec t ion)  r a t i n g  by 50 percent o f  the  subjects.  The tes ts  were 
conducted u t i l i z i n g  fou r  members o f  the NASA moni tor ing team and the res idents  
a t  each t e s t  s i t e .  Only the data obtained from the NASA subjects has been 
analyzed, s ince the res idents  experienced d i f f i c u l t y  i n  d i f f e r e n t i a t i n g  between 
noise, v ib ra t i on ,  and r a t t l e  due t o  the a i r c r a f t  f l yovers .  
Detect ion of  r a t t l e . -  A t o t a l  o f  109 a i r c r a f t  f l yovers  a t  e i g h t  s i t e s  were 
assessed f o r  v i b r a t i o n  and r a t t l e .  On on ly  three occasions d i d  h a l f  the subjects 
detect  r a t t l e .  Due t o  the sparse nature of these data,  no f u r t h e r  analyses 
have been undertaken. 
Detect ion ~- o f  v ib ra t i on . -  The subjects were seated f o r  the v i b r a t i o n  
detect ion task and an most cccasions repor ted sensing the v i b r a t i o n  o f  the f l o o r  
e i t h e r  through the c h a i r  i n  which they were s i t t i n g  or through t h e i r  fee t .  
a few occasions, whole-body v i b r a t i o n  was reported. Attempts were made t o  
co r re la te  var iocs noise and v i b r a t i o n  measures w i t h  the judgments o f  v i b r a t i o n  
detect ion.  The indoor sound pressure l eve l  and the f l o o r  acce le ra t ion  l eve l s  
were found t o  be the best  predic tors ,  whereas the peak outdoor round pi-essure 
l eve l  and the wa l l  and window acce le ra t ion  l e v e l s  were found t o  be poorer 
p red ic to rs .  
On 
Floor  v i b r a t i o n  was recorded i n  both the hor izon ta l  and v e r t i c a l  planes. 
Representative acce le ra t ion  spectra f o r  s i t e  11 are presented i n  f i gu res  5 and 
6. It should be noted t h a t  the s i g n i f i c a n t  responses are  below 100 Hz ( t h e  
60 Hz component i s  due t o  e l e c t r i c a l  ra the r  than v ib ra to ry  i npu t ) .  
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Also  shown i n  f igures  5 and 6 are three l i n e s  corresponding t o  the IS0 
minimum comp1a:nt c r i t e r i a  ( re f .  8) .  Curve A i s  f o r  res idents  dur ing  the day, 
curve B i s  fo r  rec idents  dur ing the  n igh t ,  and curve C i s  f o r  o ther  c r i t i c a l  
areas such as hosp i ta l  operat ing theaters.  This l a t t e r  c r i t e r i a  i s  presumably 
c lose t o  the threshold o f  v i b r a t i o n  detect ion.  I t  i s  c l e a r  tha t ,  according 
t o  these c r i t e r i a ,  the f l o o r  V ibrat ions should be percept ib le .  
The spectra o f  the f l o o r  v ib ra t i ons  are  i n  marked cont ras t  t o  those 
der ived from the w a l l  and window v ib ra t ions .  
wa l l  and window due t o  a Concorde o v e r f l i g h t  a t  s i t e  11 are presented i n  
f i g u r e  7. 
outs ide sound pressure l eve l  spectrum, whereas the f l o o r  spectra ( f igures  5 
and 6)  are not.  
For exampl?, the spectra o f  the 
The window and w a l l  acce le ra t ion  spectra a re  s i m i l a r  i n  shape t o  the 
Fiqure 8 presents the percentage of the subjects t h a t  detected v i b r a t i o n  
as a func t ion  o f  the maximum v e r t i c a l  f l o o r  acce le ra t ion  l e v e l .  The curve she.. 
was f i t t e d  t o  the  data by assuming t h a t  the sub jec t ive  judgments were draw,. 
from a populat ion having a normal d i s t r i b u t i o n .  There were no apparent 
d i f ferences between the judgments made a t  the three t e s t  s i t e s  o r  between the 
f l o w  accelerat ions i s  giver, a i r c r a f t  types, A s i m i l a r  c w v e  f o r  hor izonta 
i n  f igure  9. 
The judgments o f  v i b r a t i o n  de tec t ion  were compared w i t h  the IS0 c r i t e r i m  
by apply ing a weight ing t o  the v e r t i c a l  acce le ra t ion  spectra equiva lent  t o  a 
low-pass f i l t e r  having a corner frequency of 8 Hz and an a t tenuat ion  o f  2 dB 
per 1/3-octave (curve 1, r e f .  8). The maximum ISO-weighted acce le ra t ion  l e v e l s  
were re la ted  t o  the judplents  o f  v i b r a t i o n  de tec t ion  ( f i g u r e s  10 and 11) and 
the threshold values (54 dB v e r t i c a l ,  59 dB ho r i zon ta l )  were found t o  be i n  c lose 
agreement w i t h  the IS0 standard f o r  hosp i ta l  operat ing theaters  and o tke r  
c r i t i c a l  areas. 
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The t h r m b l d  of de tec t ion  of f l o o r  v i b r a t f o n  may be r e l a t e d  t o  the  outs ide 
sound p m s u r e  l e v e l  by u.6 of acce le ra t ion  level /sound pressure l e v e l  s ignatures 
( f i g u r e s  3 and 4, f o r  erample). For example, a t  s i t e  11, the threshold v e r t i c a l  
f l o o r  accelerat ion l e v e l  (67 dB, from f i g u r e  1) i s  equiva lent  t o  an outs ide 
sound pressure leva1 o f  98 t o  109 dB depending upor! t h e  a i r c r a f t  type. 
Nona i rc ra f t  Events 
Bu i ld ing  tesponse measurements were made a t  the  t e s t  houses fo r  several 
n o n r i t c r a f t  events inc lud ing  walking, dropping a book, c l o s i n g  a donr, e t c .  
Accelerat ion measurements wem obtained from the same transducers and recording 
system used t o  record a i r c r a f t  f l y o v e r  events. 
impulsive nature a f  the n o n a i r c r n f t  events, a d i f f e r e n t  technique was used t o  
analyze the data. Osci l lograph t ime h is$orW$ were made o f  the tape recorded 
s ignals  t o  ob ta in  instantaneous peak amplitudes. 
wal l ,  2 'd  f l o o r  accelerat ion peak response mpli tvQDrr W o r d e d  a t  Four of the  
t e s t  hoases f o r  the n o n a i r c r a f t  events are given i n  Tables I V - V I T I .  
comparisons t o  be made w i t h  the rrieasured a i r c r a f t  responses, both the n o n a i r c r a f t  
rcspmse and the a i r c r a f t  response data werc averaged across houses amdl respollses 
r e l a t i v e  t o  the narrow-body subsonic a i r c r a f t  are shown i n  f igures 12, 13, and 
14 f o r  t h e  window, w a l l  , and v e r t i c a l  f l o o r  responses, respec t ive ly .  
fer comparative purposes, the nits airipi i tudes obtained f o r  a i r c r a 9 t  events were 
corwx:ted t o  peak values assuliiing harmonic vesponse (peak amp'?i t.udMie = 1 2 rms 
amp1 IEude) . 
However, Because r c  the 
The maximum values o f  window, 
To enable 
Also 
- 
Fcr the window response data shown i n  f i g u r e  12, i t  can be seen t h a t  
&wnmrde-induced response exceeds the response due t o  otker  a i r c r a f t  and a l l  
uf the m p m i r c r a f t  events recorded. Nona i rc ra f t  event@ and a i r c r a f q  f l y o v w s  
resu l ted  i n  comparable w a l l  v i b r a t i o n  amplitudes as shown i n  f i g u r e  13, whereas 
f l o o r  v ib ra t i ons  were gef iera l ly  g rea ter  f o r  n o n a i r c r a f t  events than f o r  t he  
a i r c r a f t  f lyovers,  f i g u r e  14. 
CONCLUDING REMARkS 
A i r c r a f t  noise and b u i l d i n g  v i b r a t i o n  measurements were made a t  e i g h t  
res iden t ia l  home s i t e s  and a school i n  the v i c i n i t y  o f  John F. Kennedy 
In te rna t iona l  A i r p o r t .  
FAA as p a r t  of the Concorde SST environmental impact assessment. The data kere  
acquired i n  two f i e l d  t r i p s  t o  the JFK area which took place i n  January and 
February 1975. 
These measurements were made i n  cooperation w i t h  the  
Results o f  t h i s  study can be summarized as fo l lows: 
(1 )  Accelerat ion l e v e l s  induced i n  bu i l d ings  by a i r c r a f t  noise increase 
e s s e n t i a l l y  1 i n e a r l y  w i t h  increasing sound pressure l e v e l  (unweighted). 
Representative values o f  peak acce le ra t ion  l e v e l s  f o r  t y p i c a l  s t r u c t u r a l  
elements o f  homes located near a commercial j e t  a i r p o r t  a re  as fo l lows:  
windows: 0.1 g - 1.0 g 
wa l ls :  
f l o o r s :  
0.01 g - 0.1 g 
0.001 g - 0.01 g 
(2 )  A t  a given noise l eve l ,  Concorde induces no higher acce le ra t ion  l e v e l s  
i n  a given s t r u c t u r a l  element than subsonic a i r c r a f t  f o r  e i t h e r  d i r e c t  over- 
f l i g h t s  o r  f o r  s i d e l i n e  f l ybys .  Higher response l e v e l s  which may occur dur ing  
Concorde operations are a t t r i b u t e d  more t o  higher Concorde noise l e v e l s  than t o  
unique Concorde sourc cha rac te r i s t i cs .  
( 3 )  Accelerat ion l eve l s  induced i n  the f l o o r  o f  a t y p i c a l  r e s i d e n t i a l  
s t ruc tu re  by the impu s ive  loading o f  such n o n a i r c r a f t  events as  walking and 
13 
the dropplng o f  a book yerierally excceded f l o o r  acce le ra t ion  l e v e l s  induced by 
a i r c r a f t  noise. A i r c r a f t  no ise genera l l y  resu l ted  i n  h igher  acce le ra t ion  l e v e l s  
on the windows and about the same leve ls  on the wa l ls  compared with nona i r c ra f t  
events. 
( 4 )  For seated i nd i v idua ls  no t  i n  physical  contact  w i t h  other  s t r u c t u r a l  
elements, f l o o r  v i b r a t i o n  l e v e l s  a re  a b e t t e r  p red ic to r  o f  v i b r a t i o n  de tec t ion  
than window and wa l l  v i b r a t i o n  leve ls .  
( 5 )  A method f o r  determining the de tec t ion  threshold f o r  noise-induced 
bu i l d ing  v i b r a t i o n  has been successfu l ly  deiiionstrated i n  a small p i l o t  study. 
Results o f  t t , - s  study i nd i ca te  t h a t  the threshold f o r  huiiian de tec t ion  o f  f l o o r  
accelerat ion l i e s  i n  the range of froiii ,001 t o  .005 g ' s  and t h a t  an outdoor 
noise l eve l  i n  excess o f  about 100 dB i s  requi red t o  induce t h i s  threshold 
response l e v e l .  
REFERLNCES 
1. Staff-Langley Research Center: Concorde Noise-Induced Bu i l d ing  V ib ra t ions  
John F. Kennedy In te rna t iona l  A i rpo r t ,  Report Nuniber 1. 
January 1978. 
NASA TM 78660, 
2. Staf f -Langley Research Center: Concorde Noise-Induced Bu i l d ing  Vibrat ions 
John F. Kennedy In te rna t iona l  A i rpo r t ,  Report Nuniber 2, NASA TM 78676, 
February 1978. 
Concorde 
Monitor inq,  John F. Kennedy 1 n t e ; w t i o n a l  A i r p o r t ,  Route - Proving 
3 .  Department o f  Transportat ion,  Federal Av ia t ion  Adriiini s t r a  t ion  : 
F l i gh ts ,  October 1977. 
4 .  staf f -Langley Research Center: 
f o r  S u l l y  P lantat ion,  Charit i l  
5. Staff-Langley Research Center: 
f o r  Su l l y  P lan ta t ion  - Report 
June 1976. 
Conc Jrde No i  se- Induced Bu i l d i  ny V i  b r a t  ions 
y, \ , a , ,  NASA TM X-73919, June 1976. 
Concorde Noise- I nduced Bu i 1 d ing  V i  brat.; ons 
No. 2 ,  Chan t i l l y ,  Va.,  NASA TM X-73926, 
14 
6. Staff-Langley Research Center: Concorde Noise-Induced Building V i  brat ion 
Montgomery County, Maryland - Report No. 3, NASA TM X-73947, August 1976. 
7. Staff-Langley Research Center: Concorde Noise-Induced Building Vibrations, 
International Airport  Dulles - Final Report, NASA TM 74083, 
5eptember 1977. 
8. Amendment t o  IS0 Standard 2631-1974 - D r a f t  Proposal "Vibrations and 
Shock Limits f o r  Occupants i n  Buildings, 1975. 
15 
c 
aJ > 
Q, 
-I 
5 
E 
X a 
E 
aJ 
m 
m 
L 
aJ > 
4 
-r- 
0 %  z t 
? - !  
N O  
+I + I  
h 6 -  
i i  
? F  . .  
m . -  
+ I  + I  
P N  
o m  w m  
. .  
. - m  
m m  
+I + I  
* .  
? ?  
O N  
h h  
m u ,  
m m  
+I + I  
u , m  
m w  m m  
. .  
. .  
( u ( v  
N N  
+ I  +I 
e m  
m m  
h h  
. .  
. .  ;I 
4: o v  
h a  
__. 
0 0  
F r n  
+ I  + I  
m o t  
m 
. .  
. .  
Ins 
m b  
N O  
+I +I 
N N  
O l h  
m m  
. .  
. .  
o w  
m e  
< I  +I 
( V h  
O N  
h h  
* .  
. .  
1 
eo0 
m e  
. *  
9 0  
m 
16 
W 
m 
I- 
4 
t; 
Y 
W 
3 
W z 
U 
I 
H 
H 
W 
J m 
E 
17 
18 
F 
W 
I- 
v, 
U 
4 
v) 
I- z 
W > 
W 
5 0
z 0
z 
L 
0 
0 
L 
0 
I 
r F .  b o  
0 . .  
v) 
i3 
(u 
(u 
0 
c 
L 
0 
0 
cc 
c 
0 
c 
n 
9 
3 
n 
0 
L 
0 
Y 
0 
0 m 
19 
L 
0 
0 
L 
0 z 
20 
- 0  3 i c u V ) C  C U h  
L L N  . .  0 . ? 0  
L 
0 
0 
U 
aJ 
v) 
0 
0 
c 
L 
0 
0 
r- cc 
E 
0 
n 
5 
3 
CI, 
E 
.P 
cn 
0 
0 
3 
Y 
0 
0 n 
n 
2 
c3 
c, 
E aJ 
E la 
U 
Q) 
aJ u 
X 
aJ 
c, 
0 
E 
*P n 
P, 
Q 
Q) > 
Q) 
-1 
c 
c 
21 
L 
F 8(
LL 
+J 
L 
Q, > 
h 
0 
c 
ln cu 
0 
rg 
v) 
0 
c 
0 cu * 
W u 
tu 
c n 
c m o  
O L  s 3 0  
J 1; c 
22 
U 
a 
23 
rl 
0 m 0 
24 
0 
0 
0 
O B 0  
Q 
0 
0 
0 
r3 0 E l .  
4 
I3 
B 
25 
Q 
0 
0 
0 0 
Q 
0 m Q 
a 
EJ 
a 
26 
L 
0 D 
0 C m La ce- v 
I I I I I 1 
27 
\ 
\ 
\ 
> 
/ 
/ 
0 
\ 
\ 
\ 
\ 
\ 
\ 
. 
\ 
- ...... ..-. . ..-. ............ 
.................. ~~, . . . . . . .  
a 
L 
c, 
V a 
P 
v) 
aJ 
V 
V 
lu 
L 
0 
0 
cc 
lu 
c, c 
0 
N 
L 
0 
I 
I 
W 
- 
F 
.r 
0 
rl 
28 
I 
1 
1 
I I I I I I I I 1 s s 
P 
m 
L 
c, 
U aJ 
v) 
al 
v) 
I= 
0 
v) 
aJ 
L 
n 
a 
aJ 
U 
L 
0 
U c 
0 
V 
r aJ 
v) 
aJ 
L 
P aJ ez 
29 
8 
c 
I I I I J 
v\ 0 8 E s: N 
d 
8 
L 
0 
0 
30 
0 
0 
0 0 
0 
G 
Q 
I I I I 
0 s Kl m IC 
31 
< 
I I I 1 
0 
c 
0 
.C 
C 
0 
C, 
(0 
L aJ 
aJ 
V 
V 
.I- 
P 
a 
L 
0 
0 
I 
0 
F 
aJ 
L 
3 
rn 
32 
8 0 
0 
33 
0 
N 
0 
$ 5  
o m  
c, e 
Q 
L 
U 
L 
I8 
E 
0 
E 
.l- 
U 
C a 
34 
I 
0 
d 
0 0 
r( 
Q 
L 
V 
L 
Q c 
0 c 
.c 
b c 
Q 
Y O  e- 
al 
> a8 .? 
En- e a  
L c  
ala 
> L  
U- 
t 
m 
p a l  
c 
35 
G cn 
0 
Q 
E 
0 
f= 
U 
E 
Q 
36 
APPENDIX 
WIfiDOW AND WALL RESPONSE TO AIRCRAFT SIDELINE NOISE 
Window and wa l l  response data are presented i n  t h i s  appendix f o r  s ide l i ne  
a i r c r a f t  f l yove r  events recorded a t  s i t e  11, f o r  which the a i r c r a f t  d i d  no t  f l y  
d i r e c t l y  over the t e s t  s i t e .  The data are presented i n  the form o f  composite 
response signatures which i l l u s t r a t e  the re la t i onsh ip  between response leve l  , 
expressed i n  decibels r e l a t i v e  t o  a micro-g, and unweighted a i r c r a f t  noise 
leve l  f o r  a given a i r c r a f t  type. Each response signature contains data f o r  
from one t o  ten f l ybys  and t y p i f i e s  the response o f  a p a r t i c u l a r  a i r c r a f t  type. 
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16. MmKt 
The NASA, i n  cooperation w i t h  the FAA, made measurements o f  noise-induced bu i l d ing  v ibrat ions near 
John F. Kennedy In ternat ional  A i rpo r t  on January 18-19 and on February 3-5, 1978, as p a r t  o f  the 
Concotde monitoring program. Outdoor and indoor noise leve ls  r e s u l t i n g  from a i r c r a f t  f lyovers arid 
cer ta in  nonai rcraf t  events were recorded a t  e ight  homesites and a school along w i th  the asTociated 
vibrat ion leve ls  i n  the walls, windows, and f loors  a t  these t e s t  s i tes.  
subjective tests  were conducted t o  examine tho hunan detection and annoyance thresholds f o r  bu i l d ina  
v ibrat ion and r a t t l e  caused by a i r c r a f t  noise. The following r e s u l t s  were obtained: 
o Both v ib ra t i on  and r a t t l e  were detected subject ively i n  several houses f o r  some operations 
o f  both the Concorde and subsonic a i r c r a f t .  - seated subjects detected f loor  v ibrat ions more r e a d i l y  than w a l l  o r  window v ibrat ions,  
o A i r c r a f t  noise general ly caused more window v ibrat ions than common nonai rcraf t  events such as 
I n  addition, l i m i t e d  
which suggests t h a t  t a c t i l e  o r  whole-body perceDtion dominates other  possible detect ion 
mechanisms. 
walking and closinq doors. Nonaircraft events and a i r c r a f t  f lyovers resul ted i n  comDar3ble w a l l  
bration levels, whi le f l oo r  v ibrat ions were aenerally greater fo r  nona i r c ra f t  events than for 
rcraf  t flyovers. 
o The re la t ionship between str l rctural  v ibrat ion and a i r c r a f t  noise i s :  - l inear ,  w i th  v ib ra t i on  leve ls  being accurately predicted from OASPL levels measured near 
- consistent from f l yove r  ‘ t o  f lvover f o r  a given a i r c r a f t  type - the same f o r  approach and deoarture ooerations - the same f o r  Concorde and ccnventional j e t  transports 
the s t ructure 
o Relat ive ly  high levels o f  s t ructura l  v ibrat ion measured dur inq Concorde operations are 
due r a r e  to  higher OASPL leve ls  than t o  unique Concorde-source character is t ics .  
